Background
Following damage to vascular endothelium, platelets adhere to sub-endothelial tissues and then aggregate to one another via fibrinogen and von-Willebrand factor. The coagulation cascade-both intrinsic and extrinsic pathways-simultaneously activated, forms a blood clot consisting of polymerized fibrin. Ultimately the fibrin is digested by plasmin which has been converted from its inactive form-plasminogen-by tissue plasminogen activator which is itself regulated by plasminogen activator inhibitor ( Figure 1 ).
The development of the haemostastic mechanism was a critical step to the evolutionary changes that accompanied the development of a circulation. With something so critical it is probably not surprising that a very thorough and complex control system similarly evolved to regulate haemostasis so that inappropriate clots are not formed.
Abnormalities of this regulatory system may be inherited or acquired and pre-dispose patients to thrombosis. In 1965 the first family with anti-thrombin III deficiency and a predisposition to thrombosis was described and since then several other abnormalities, both quantitative and qualitative, have been identified, many of them very recently (Table  1) . Also many of the recently described abnormalities are relatively common compared to those previously identified. Phenotypically most patient's abnormalities cause venous rather than arterial thrombosis and we are now able to identify a predisposing factor in about 70-80% of patients with recurrent venous thrombo-embolic disease.
Early kindred studies showed however the phenotypic penetrance of many abnormalities was low and apparently variable with some family members with protein C deficiency suffering VTEs whilst others did not. The discovery of the relatively common factor V Leiden (FVL) helped explain this apparent anomaly. 1 This abnormality is a single point mutation of the factor V gene which prevents protein C binding to and inactivating factor V. 2 The multigenic basis for VTE was therefore established and has been confirmed in other kindreds with different abnormalities. 3, 4 It also became apparent that there are interactions and synergy between environmental and genetic predisposing factors. The average age of women with FVL for the first DVT is 28 years compared to 62 in men! We now know that FVL increases the risk of thrombosis 6-8 fold and the combined third generation oral contraceptives 4-fold. If however you have FVL and take the pill your risk is 30-50 fold, ie synergy. 5 Similar synergistic interactions have been described with hormone replacement therapy and pregnancy. [6] [7] [8] Similarly in men the age of first VTE is partly due to increasing immobility with age which acts in tandem with any inherited thrombophilia. 
Central retinal vein occlusion
Similar to general venous thrombosis CRVO appears to be a condition with a multiple aetiology. There is an increased incidence with age with over 50% of patients being over 65 years of age. [9] [10] The incidence is higher in patients with diabetes, hypertension, retinal artery disease, open angle glaucoma, hyperlipidaemia and in those using oral contraception and hormone replacement therapy. [11] [12] [13] [14] [15] Not surprisingly therefore clinicians started to look at the potential role of thrombophilia in the development of CRVO. Early reports mostly consisted of individual case reports but more recently studies with adequate statistical power have been published. The aim of this review is to present the available data from these studies to give an insight into the potential role of thrombophilia in patients who have experienced CRVO.
Protein C, protein S and anti-thrombin III deficiency
When the coagulation cascade is activated, both the intrinsic and extrinsic pathways help in the conversion Eye of prothrombin to thrombin. Thrombin has many different roles in regulating thrombosis other than the production of fibrin from fibrinogen. In particular it binds with thrombomodulin which in the presence of protein S converts inactive protein C to an active form. Activated protein C binds to and inhibits the procoagulant action of activated factor V and factor VIII. Thus people deficient in protein S or protein C are prone to thrombosis.
Anti-thrombin III is a serine protease inhibitor which not only inhibits thrombin generation but also other coagulation factors notably activated X, IX, XI and XII. Deficiency of ATIII also results in an increased risk of thrombosis.
Initial case reports that deficiency of these naturally occurring anticoagulants may be a contributing factor to CRVO led to larger studies. Bertram et al in a study of 82 patients with CRVO found two with protein C, two with protein S and one with ATIII deficiency (overall, 6% of patients). 16 As a group however the levels of protein C, protein S and ATIII were not significantly different from the normal range. Similarly in a study of 37 patients aged Ͻ50 years, three (8%) were found to have deficiency of protein C, protein S or ATIII. 17 Tekeli et al found protein C deficiency in 20% (9/45) of patients with either central or branch vein occlusion. 18 He also identified two cases of protein S deficiency and one of ATIII deficiency, giving an incidence of naturally occurring anticoagulant deficiency of 27% overall. There was however no significant difference in the levels of the various anticoagulants compared to the control group. Protein C deficiency however was significantly more prevalent in patients with CRVO (six out of 14 patients) than branch vein occlusion (three out of 31 patients) (P Ͻ 0.05). A similarly high incidence was found in a study of 57 patients with protein C deficiency in 20% (8/42), protein S deficiency in 19% (12/56) and ATIII deficiency in 7% (4/54). 19 In this study however no comparison was made between the patient group and normal controls with regards to the levels of proteins C and S and ATIII. Three smaller studies however with only 14, 21 and 35 patients each with CRVO failed to identify any patients with these deficiencies. [20] [21] [22] A controlled population study with 69 patients with CRVO compared to a normal matched population showed ATIII levels were significantly lower (although still within the normal range) in normal controls than patients! 23 Superficially it appears that there may be an association between CRVO and deficiency of these naturally occurring anticoagulants. It is known however that these anticoagulants are very labile and levels physiologically fluctuate. It is recommended that they should be measured on at least two separate samples and if found abnormal confirmed with a third estimation. In virtually all studies single measurements have been used. The studies can also be criticised for lacking the statistical power to show a true difference either due to small sample size or lack of a suitable control group.
Factor V Leiden/activated protein C resistance
Activated protein C binds to activated factor V and activated factor VIII resulting in their degradation. In 1993 Dahlback and colleagues described a familial condition in which there was a poor anticoagulant response to activated protein C resistance. 1 They went on to show that this was a common cause of venous thrombosis. In 1994 a single point mutation in the factor V gene at position 1691 resulting in a single nucleotide change G-A was identified-so-called Factor V Leiden. 2 This was demonstrated to be responsible for the poor anticoagulant response to activated protein C as it only weakly bound to factor V and hence degradation was reduced.
This abnormality therefore can be detected either by molecular genetic testing or coagulation tests. The initial coagulation kits for measuring activated protein C resistance were not very specific or sensitive but the third generation kits now available may even distinguish heterozygous from homozygous carriers of FVL. It is estimated that FVL is present in about 5% of the normal (Caucasian) population and plays a significant role in 20-30% of all VTEs. Not surprisingly therefore with such a commonly occurring abnormality, case reports identifying patients with CRVO and APC resistance/FVL began to appear in the mid 1990s.
There have now been many cohort studies looking at the frequency of APC resistance/FVL and their role in CRVO, as shown in Table 2 . 17, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] Although many studies suggest an increased frequency of APCR/FVL in patients with CRVO only two out of nine studies in which the incidence of APCR/FVL is compared with a normal cohort is there a significantly increased incidence of this abnormality. Surprisingly both of these studies included patients of any age where one would have anticipated an association with younger patients. Indeed a sub-group analysis by Larsson et al of 23 patients younger than 45 years showed that six (26%) had APCR which was significantly different to their normal control group (P = 0.0466). 17 This study like that of Williamson et al used an early type of APCR assay which proved not to be as accurate as later assays. 23 Indeed Ciardella et al studied 84 patients with CRVO and 70 controls. They found, using a first generation APCR assay, that 45% of CRVO patients had this abnormality compared to 9% of controls (P Ͻ 0.0001) but when using a second generation assay however there was no significant difference. 31 Also there was no difference in the frequency of FVL mutation between the two groups. In the study by Gleuk et al, 24% of their patients with CRVO had also experienced another thrombosis, primarily deep venous thrombosis, possibly indicating inadvertent patient selection. 20 Six studies have investigated the role of APCR/FVL in hemispheric and retinal branch occlusion. 18, 25, [30] [31] [32] [33] 35 Although patients with this thrombophilic tendency were identified, the incidence compared to the normal population was not increased (in studies where a direct comparison was made).
Prothrombin gene mutation G20210A
In 1996 a new pro-thrombotic abnormality was described. A single point mutation was identified at position 20210 of the prothrombin gene resulting in a single nucleotide change G-A. 37 This abnormality is present in 2-3% of the normal (Caucasian) population and for reasons not fully understood causes a rise in prothrombin levels.
Five studies have looked at this abnormality in CRVO patients. 20, 32, 35, 38, 39 Between them a total of 232 patients have been assessed but only seven patients with this abnormality were identified-a frequency not dissimilar to that expected in the normal population.
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Anti-phospholipid syndrome
Anti-phospholipid syndrome (APS) is a condition in which antibodies to phospholipid activate the coagulation cascade leading to both arterial and venous thrombosis. 40 They can be detected using an immunological assay-anti-cardiolipin antibodies (ACA-IgG and IgM) or their effect on coagulation using a test for lupus anticoagulant (LA) such as the direct Russell Viper venom test. The condition can either be ideopathic or secondary to another condition such as systemic lupus erythematosus, infection or pregnancy. There is not a simple correlation between the two diagnostic tests and both should be performed to rule out APS. Also, certainly in the case of deep venous and placental thrombosis, the risk of thrombosis is higher if both tests are abnormal as opposed to just one. There is at present a debate as to whether IgM ACAs alone are able to induce thrombosis.
Both ocular and neuro-ophthalmic vascular eye diseases have been identified in patients with APS including arterial and vascular occlusion, ischaemic optic atrophy, preretinal neovascularization and vitreous haemorrhage. [41] [42] [43] Overall 6-8% of patients with APS have ocular manifestations. There have been several recent comparative studies using LA and/or ACA to detect APS with many identifying an association between APS and CRVO (Table 3) . These studies have shown a relatively consistent level of APS frequency in the control population of Ͻ5% but the Eye The two studies by Abu El-Asrar and colleagues (both of which showed a significant increased frequency of LA/ACA) stand out from virtually all other studies in that they also had a extremely high level of all thrombophilic abnormalities detected in their CRVO cohorts. 19, 45 A total of 18 abnormalities in their earlier study of 17 patients and 46 abnormalities in 57 patients in their latter study were detected. In the study by Gleuk et al although a very high and significant difference in the incidence of LA was found, there was no difference at all in the incidence of ACA antibodies. 20 Similarly in two studies in which the actual levels of ACA were analysed there was no difference in mean levels between patients and normal controls (5.6 vs 4.6 GPLU respectively and 5.4 vs 5.1 respectively). 44, 46 In the study by Corbo-Soriano et al however, not only was there a significantly increased incidence of ACA in CRVO patients but the levels were also significantly higher as a group compared to controls-IgG 10.1 vs 3.37 GPLU, IgM 7.6 vs 4.42 GPLU respectively. 47 Branch retinal vein occlusion has also been studied with similar findings in terms of the role of APS to those found in the CRVO patients. 45, 47 Thus in conclusion APS may play a role in CRVO but very disparate results have been obtained due to many studies probably lacking adequate statistical power.
Hyperhomocysteinaemia
Homocysteine is a naturally occurring amino acid not found in protein. In a rare autosomally recessive inherited disorder a high level of homocysteine is found-homocystinuria-and patients suffer from an increased risk of both arterial and venous thrombosis. 48 This disorder is due to rare enzyme deficiencies of cystathione ␤-synthase (more commonly) or methylene tetrahydrofolate reductase.
In 1976 Wilcken reported the first case controlled study showing that higher than normal levels of homocysteine in 'normal' people pre-disposes to arterial vascular disease and later studies confirmed it was also a risk factor for venous thrombosis. 49, 50 Although the exact mechanism(s) by which hyperhomocysteinaemia causes thrombosis are unknown, it has been shown to be directly toxic to endothelial cells, impair thrombomodulin expression, directly activate factor V and inhibit protein C activation. [51] [52] [53] [54] There are many causes for hyperhomocysteinaemia including vitamin deficiencies (pyridoxine, folic acid, vitamin B12) chronic illnesses (chronic renal failure, diabetes, cancer), drugs (methotrexate, anti-epileptic agents), as well as the rare enzyme deficiencies mentioned above. In 1988 however a mild form of hyperhomocysteinaemia was identified due to a thermolabile variant of MTHFR. 55 This was subsequently shown to be due to a single point mutation in the MTHFR gene C→T. 56 This mutation is very common (allellic frequency 35%) in the normal population such that in North America 12% are homozygous for this mutation (TT) and 45% heterozygous (CT). 57 It appears however that many normal patients with the TT genotype have normal homocysteine levels as the phenotypic expression is critically dependent on folic acid intake and folate levels. 58 In keeping with other thrombophilic conditions hyperhomocysteinaemia is synergistic with other hereditary and acquired pro-thrombotic disorders including hypertension. 59, 60 There have been seven studies to date investigating the role of hyperhomocysteinaemia in CRVO. In 1998 Salomon et al found, in 102 patients with CRVO, BRVO and hemi-RVO, that homozygosity for the thermolabile MTHFR mutation was present in 25.5% of patients compared to 15.2% of control patients, giving an overall odds ratio of 1.9. 32 Indeed this mutation was along with hypertension and a family history of stroke, independent risk factors for RVO whereas FVL and the prothrombin mutation were not. Similar results were obtained by Loewenstein et al in 59 patients who found a homozygous mutation rate of 18.6% compared to 10.4% in healthy controls (P Ͻ 0.038). 61 These results however are not in accordance with Gleuk et al who found no such association in 17 CRVO patients compared to 234 controls (P = 0.22). 20 Gleuk also found no association between plasma homocysteine levels and the risk of CRVO.
In contrast four studies have found significant associations between homocysteine levels and CRVO. In a study of 74 patients with CRVO, 21.6% had homocysteine levels above the 95th centile (P = 0.003). 62 In addition five out of nine (55%) patients with bilateral CRVO had hyperhomocysteinaemia. Similarly a study by Cahill et al in 40 CRVO patients found a mean homocysteine level of 13.7 mol/l compared to 11.7 mol/l in BRVO patients (21 cases) and 10.7 mol/l in 87 controls-CRVO vs normals (P = 0.0001), BRVO vs normals (P = 0.097). 63 They also identified that hyperhomocysteinaemia was an independent risk factor for retinal vascular disease. These findings were confirmed by Martin et al who found significant associations between homocysteine levels and CRVO (36 patients) and BRVO (24 patients) (P = 0.045). 64 A study by Wenzler et al identified two patients with RVO and hyperhomocysteinaemia. They suggested that the frequency was significantly higher than the carriage frequency of homocystinuria. 65 This comparison however from what we now understand about hyperhomocysteinaemia is not valid.
At present there are few commercially available homocysteine assays and most studies use in-house methods making comparison between different studies difficult, but despite this five out of six studies indicate a role for homocysteine in the pathogenesis of CRVO.
Abnormalities of fibrinolysis
Several studies have looked at the incidence of these rarer/poorly defined causes of thrombophilia in the context of CRVO. Larsson et al in a study of 37 patients found no cases of plasminogen deficiency (incidence of 0.3% in the normal population). 17 Williamson found normal levels of tissue plasminogen activator but significantly low levels of plasminogen activator inhibitor (PAI) (P = 0.03) indicating a hypofibrinolytic state in his 87 patients with CRVO. 23 The high levels of PAI were confirmed by Gleuk et al who also showed, in 17 patients, a significantly higher level of the 4G/4G and 4G/5G polymorphisms of the PAI gene (P = 0.03). 20 The PAI gene has two polymorphisms, 4G and 5G with the 4G allele being associated with significantly higher levels of PAI and Eye consequently hypofibrinolysis. Lipoprotein Lp(a) has been associated with CRVO in many studies and is thought to be hypofibrinolytic due to its sequence homology to plasminogen, such that it competes with plasminogen for fibrin binding thus inhibiting fibrin degredation. 66 Gleuk also showed a direct correlation between the three PAI polymorphisms-4G/4G, 4G/5G, 5G/5G-and Lp(a) levels, with 4G/4G patients having highest levels and these were higher than the normal controls (62 vs 5.3 mg/dl, P = 0.05). Interestingly however the association between polymorphism status and Lp(a) levels was not observed in the normal control group of 234 individuals.
Conclusion
CRVO is like other types of venous-thromboembolism (VTE) disorder, being multifactorial in origin, in which Virchows triad of abnormalities of blood flow, abnormal vessel walls and blood coaguability all play a role. There are now identified many hereditary and acquired causes of thrombophilia and therefore it is not surprising that these have been investigated in the context of CRVO. In undertaking any study however, goals should be set at the beginning as to what one is hoping to achieve. In thrombophilia studies for the common causes of VTE eg DVT, PE, these have largely been completed with the intention of answering three questions: (1) Is thrombophilia pathogenic in the aetiology of VTE? (2) Would the identification of a thrombophilic tendency alter the immediate management of a VTE episode? (3) Would subsequent management eg secondary prophylaxis be altered in patients shown to have a thrombophilic tendency? The answers to these three questions for DVT are yes, no and maybe, respectively. If one applies these three questions to CRVO, the answers from the literature would have to be maybe, maybe and maybe, respectively.
From the published studies the role of thrombophilia in the aetiology of CRVO is far from clear, due to researchers looking at different age and ethnic groups, different subgroups of CRVO as well as using different assays. Some authors have found highly significant differences in proteins C and S, ATIII, and FVL/APCR, compared with normal controls. Many of these studies however are, for the reasons outlined in the relative sections, far from conclusive and only a very large, probably national, or international-, study using a single laboratory for each test and follow-up samples if required, would answer the questions completely. This would enable multivariate analysis of all the known pathogenetically important risk factors, eg Eye hypertension to be included as well as thrombophilia testing.
The role of antiphospholipid antibodies appears to be clearer cut. We already know that APS has a high incidence of ocular problems and testing for this condition may well alter management, as patients have a very high rate of VTE recurrence. Life-long anticoagulation is usually recommended for these patients if serious VTE eg PE occurs elsewhere in the body. Therefore after CRVO which has a recurrence rate of 3-15%, consideration especially in this subgroup of patients should be given to anticoagulation. [67] [68] [69] Indeed although early studies showed no role for anticoagulation eg warfarin in the management of CRVO, a randomised study in patients with proven thrombophilia would be of interest. Hyperhomocysteinaemia also appears to be a risk factor with an easily available therapeutic option for secondary prevention. Treatment to reduce hyperhomocysteinaemia involves small doses of folic acid and vitamins B6 and B12, which are cheap and have no side effects. 70 As with APS, if a study were to be undertaken to assess the benefit of this therapy, as secondary prevention a single laboratory to perform the relative diagnostic and follow-up assays would be ideal. Given the association between retinal artery (as well as other arteriopathies) and CRVO, it is intriguing that the thrombophilic tendencies which appear to be particularly associated with CRVO, ie APS and hyperhomocysteinaemia, cause both arterial and venous thrombosis. To this list may be added disorders of fibrinolysis but at present further confirmatory studies are probably required. Also new studies should be undertaken looking at the levels of clotting factors VIII, IX and XI.
In conclusion the case for widespread screening for thrombophilia in CRVO patients has yet to be made. Antiphospholipid syndrome and hyperhomocysteinaemia however are of great interest and further studies looking at their potential aetiological roles as well as primary and secondary therapeutic interventions are warranted.
